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@ A method and an apparatus for an ultrasonic 
wave medical treatment in which it Is possible to 
check the effect of the treatment in a course of a 
progress of the treatment process, while executing 
the treatment process efficiently. In the apparatus, 
an entire ultrasonic wave medicai treatment process 
is divided Into a plurality of sections (I to VI); a total 
number of ultrasonic wave Irradiations for the entire 
ultrasonic wave medical treatment process and a 
sectional number of ultrasonic wave irradiations for 
each of the plurality of sections are set; and ultra- 
sonic waves are irradiated on a treatment target (39) 
for the total number of times, such that the ultrasonic 
waves are irradiated for the sectional number of 
times for each of the plurality of sections and then 
the ultrasonic waves radiation is paused before the 
ultrasonic wave Irradiation for a subsequent one of 
the plurality of sections is executed. 



FIG.7 
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BACKQROUND OF THE INVENTION 

Held of the invention 

The present Invention relates to a method and 
an apparatus for an ultrasonic wave medical treat- 
ment such as a shock wave treatment in which a 
treatment target such as a cancer tissue or a 
calculus in a patient is destroyed by utilizing a 
concentrated energy of ultrasonic shocl< waves, or 
an ultrasonic thermal treatment in which a treat- 
ment target such as a cancer tissue is destroyed 
by using a thermal effect of continuous ultrasonic 
waves. 

Description of the Background Art 

Recently, various progresses have been made 
on a shock wave medicai treatment apparatus for 
destroying a treatment target such as a cancer 
tissue or a calculus In a patient by utilizing a 
concentrated energy of ultrasonic shock waves. 

An example of a recently developed shock 
wave medical treatment apparatus is disclosed in 
Japanese Patent Application No. 62-290158 (1987) 
by the present inventor, which will now be de- 
scribed with reference to Fig. 1 . 

This shock wave medicai treatment apparatus 
of Fig. 1 comprises: a shock wave applicator 17 
including a shock wave transducer 15 for transmit- 
ting ultrasonic shock waves, and an ultrasonic wave 
transducer 16 for transmitting imaging ultrasonic 
waves to carry out a B mode scanning 
(tomographic imaging) and receiving echo signals 
res.ulting from the 8 mode scanning; a pulser 18 
for providing pulse signals to drive the shock wave 
transducer 15: a transmitter and receiver circuit 19 
for providing pulse signals to drive the ultrasonic 
wave transducer 16, and collecting the echo sig- 
nals received by the ultrasonic wave transducer 1 6; 
a signal processor circuit 20 for converting the 
echo signals collected by the transmitter and re- 
ceiver circuit 19 into video signals by applying the 
amplitude detection: a signal converter circuit 21 
such as a digital scan converter for performing 
signal conversion process on the video signals 
obtained by the signal processor circuit 20; a CPU 
22 for controlling the operation of each element of 
the apparatus; a timing controller 23 for controlling 
process timings of the pulser 18 and the transmit- 
ter and receiver circuit 19; a display unit 27 for 
displaying a fan shaped acoustic region 42 imaged 
by the ultrasonic wave transducer 16 and images 
of the body surface, organ or calculus along with a 
focal point marker 26 indicating a focal point of the 
ultrasonic shock wave transmitted by the shock 
wave transducer 15; a pulse generation switch 29 
connected to the CPU 22 for setting the timings for 



generating the pulse signals to be given from the 
pulser 18 to the shock wave transducer 15: and a 
position controller 30 for adjusting a relative posi- 
tion of the shock wave transducer 15 and the 

5 ultrasonic wave transducer 16. 

Referring now to Rg. 2. a detail of the shock 
wave applicator 17 will be described. 

This shock wave applicator 17 comprises: the 
shock wave transducer 15 for transmitting the ultra- 

10 sonic shock waves focused to a focal point 41a 
located inside a patient 32; a water bag 33 contain- 
ing water which is provided on a shock wave 
transmitting side 1 5a of the shock wave transducer 
15 and which functions as an acoustic coupler; and 

75 the ultrasonic wave transducer 16 for transmitting 
the imaging ultrasonic waves to carry out the B 
mode scanning and receiving echo signals result- 
ing from the B mode scanning at a transmitting and 
receiving surface 16a, which is located within a 

20 shock wave region 41 between the shock wave 
transmitting side 15a of the shock wave transducer 
15 and the focal point 41a of tiie ultrasonic shock 
wave, and which forms the acoustic field 42 includ- 
ing the focal point 41a. 

25 In further detail, the shock wave transducer 15 

has a concave oscillator (not shown) of a constant 
curvature, and at a center of this shock wave 
transducer 15 the ultrasonic wave transducer 16 Is 
attached through a supporting and driving unit 36 

30 which support the ultrasonic wave transducer 16 
with respect to the shock wave transducer 15, and 
changes the relative position of the ultrasonic wave 
transducer 1 6 in a direction of the arrow B with 
respect to the shock wave transducer 15. according 

35 to the control signals from the position controller 
30. This can be furnished for example by providing 
a rack member on a side of the ultrasonic trans- 
ducer 16 and a pinion gear connected to a motor in 
the supporting and driving unit 36, where a rotation 

40 angle of the motor is controlled according to tiie 
control signals from the position controller 30. 

The water bag 33 located on the shock wave 
transmitting side 15a of the shock wave transducer 
15 has an approximately cylindrical shape with a 

4S bottom surface of approximately the same radius 
as the shock wave transducer 1 5. formed by a side 
bellows 33 which can be extended or contracted 
within a prescribed angle range from the direction 
of the arrow B and a bottom side 37 made of a thin 

50 film having approximately tiie same acoustic Im- 
pedance as the water. 

In this shock wave medical treatment appara- 
tus, a renal calculus 39 in a kidney of the patient 
32 can be ti-eated as follows. 

65 First, tiie shock wave applicator 17 is posi- 
tioned over the patient 32 such that the bottom 
side 37 of the water bag 33 makes a contact with a 
surface 328 of tiie patient over the kidney 39. 
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Then, by using the ultrasonic wave transducer 16. 
the tomographic image of the patient 32 Is ob- 
tained on the display unit 27. Here, the transmitting 
and receiving surface 16a of the ultrasonic wave 
transducer 16 also makes a contact with the sur- 5 
face 32S. so that a clear tomographic image un- 
affected by the bottom side 37 of the water bag 33 
and the water can be obtained. 

Next, when the image of the kidney 38 is 
obtained on the display unit 27, the renal cak^lus to 
39 is searched on the display unit 27. Here, the 
display unit 27 also displays the shock wave region 
41 and the focal point marker 26. and the display 
unit 27 displays the real-time image which changes 
as the shock wave applicator 17 is moved. When 76 
tiie renal calculus 39 is found on the display unit 
27, the shock wave applicator 17 is adjusted care- 
fully to place tiie focal point marker 26 on the 
image of the renal calculus 39. When the focal 
point marker 26 is placed on the image of the renal 20 
calculus 39, the shock wave applicator 17 is fixed 
at that position. 

Next, the operator operates the pulse genera- 
tion switch 29 to provide the control signal to the 
pulser 18 through the CPU 22 and the timing 25 
controller 23. In response, the pulser 18 provides 
the pulse signals to the shock wave transducer 15 
and the shock wave transducer 15 transmits the 
ultrasonic shock waves focused toward the renal 
calculus 39 located at the position of the focal point 30 
marker 26 which subsequently destroy the renal 
calculus 39 by their concentrated energy. 

The similar procedure Is repeated until the 
entire renal calculus 39 is completely destroyed. 

In a case of an ultrasonic thermal treatment 3S 
apparatus, the apparatus has a configuration similar 
to the shock wave medical treatment apparatus 
described above, except that the pulser 18 pro- 
vides continuous oscillation signals such that the 
shock wave transducer 15 transmits the continuous 40 
ultrasonic waves instead of the ultrasonic shock 
waves, which destroy the treatment target by using 
a thermal effect of the continuous ultrasonic waves. 

Now, in such a conventional ultrasonic wave 
medical treatment apparatus, it is generally consid- 45 
ered preferable to carry out the treatment process 
while checking the effect of the treatment several 
times in a course of its progress because It is 
rather usual for the treatment target as well as the 
patient to be moving around during the treatment 50 
process due to the breathing by the patient or 
other causes. 

However, in a conventional ultrasonic wave 
medical treatment apparatus, the treatment process 
is set out completely at the beginning and carried 55 
out altogether at once as set out in advance, so 
that it has been difficult to check the effect of the 
treatment in a course of a progress of the treat- 
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ment process. This implies that the efficient treat- 
ment may not be carried out depending on the 
setting at the beginning. On the otiier hand, when 
the entire treatment process is divided into several 
sections and each section Is carried out separately, 
it is necessary in a conventional ultrasonic medical 
treatment apparatus to make a setting at a begin- 
ning of each section, so that the treatment process 
cannot be executed efficiently. 

SUMMARY OF THE INVENTION 

It Is therefore an object of the present invention 
to provide a method and an apparatus for an ultra- 
sonic wave medical treatment in which it is possi- 
ble to check the effect of tiie treatment in a course 
of a progress of the treatment process, while ex- 
ecuting the treatment process efficientiy. 

According to one aspect of the present inven- 
tion there Is provided an ultrasonic wave medical 
ti-eatment apparatus, comprising: setting means for 
setting a total number of ultrasonic wave irradia- 
tions for an entire ultrasonic wave medical treat- 
ment process which is divided into a plurality of 
sections, and a sectional number of ultrasonic wave 
Irradiations for each of the plurality of sections; 
ulta'asonic wave irradiation means for irradiating ul- 
trasonic waves on a treatment target for the total 
number of times; and conti'ol means for controlling 
the ultrasonic wave irradiation means such that the 
ultrasonic waves are irradiated for the sectional 
number of times for each of the plurality of sec- 
tions and then the ultrasonic waves radiation is 
paused before the ultrasonic wave irradiation for a 
subsequent one of the plurality of sections is ex- 
ecuted. 

According to another aspect of the present 
invention there is provided a method of ultrasonic 
wave medical treatment comprising the steps of: 
dividing an entire ultirasonic wave medical treat- 
ment process into a plurality of sections; setting a 
total number of ultrasonic wave irradiations for the 
entire ultrasonic wave medical treatment process 
and a sectional number of ultrasonic wave irradia- 
tions for each of the plurality of sections; and 
irradiating ultrasonic waves on a treatment target 
for the total number of times, such that the ultra- 
sonic waves are irradiated for the sectional number 
of times for each of the plurality of sections and 
then the ultrasonic waves radiation is paused be- 
fore the ultrasonic wave irradiation for a subse- 
quent one of the plurality of sections is executed. 

According to another aspect of the present 
invention there is provided an ultrasonic wave 
medical treatment apparatus, comprising: ultrasonic 
wave Irradiation means for irradiating ultrasonic 
waves on a treatment target; and control means for 
controlling the ultrasonic wave irradiation means 
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such that a driving voltage for generating the ultra- 
sonic waves is increased in steps of increment 
voltages. 

According to another aspect of the present 
invention there Is provided a method of ultrasonic 
wave medical treatment, comprising the steps of: 
irradiating ultrasonic waves on a treatment target, 
and controlling a driving voltage for generating the 
ultrasonic waves such that the driving voltage is 
increased in steps of increment voltages. . 

Other features and advantages of the present 
invention will become apparent from the following 
description taken In conjunction with the accom- 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 Is a block diagram of an example of a 
conventional shock wave medical treatment ap- 
paratus. 

Rg. 2 Is a detailed diagram of a shock wave 
appiicator in the shock wave medical treatment 
apparatus of Rg. 1. 

Rg. 3 is a perspective illustration of one em- 
bodiment of an ultrasonic wave medical treatment 
apparatus according to the present invention. 

Rg. 4 is a block diagram of the ultrasonic wave 
medical treatment apparatus of Rg. 3. 

Rg. 5 is an illustration of a front panel of a 
shock wave irradiation condition setting unit in the 
ultrasonic wave medical treatment apparatus of Rg. 
3. 

Rg. 6 is an illustration of irradiated shock wave 
data to be outputted by an irradiated shock wave 
data output unit in the ultrasonic wave medical 
treatment apparatus of Rg. 3. 

Rg. 7 is an illustration of a renal calculus to be 
treated by the ultrasonic wave medical treatment 
apparatus of Rg. 3 indicating various positions for 
a focal point of the shock waves. 

Rg. 8(A) is an illustration of a display on a 
display unit in the ultrasonic wave medical treat- 
ment apparatus of Rg. 3 at one stage in a course 
of the shock wave treatment process. 

Rg. 8(B) is an illustration of a display on a 
display unit in the ultrasonic wave medical treat- 
ment apparatus of Rg. 3 at another stage In a 
course of the shock wave treatment process. 

Rg. 9 is a flow chart for a control operation by 
a CPU in the ultrasonic wave medical treatment 
apparatus of Rg. 3. 

Rg. 10 is a block diagram of another emtiodt- 
ment of an ultrasonic wave medical treatment ap- 
paratus according to the present invention. 

Rg. 11 Is an Illustration of a front panel of a 
shock wave irradiation condition setting unit in the 
ultrasonic wave medical treatment apparatus of Rg. 
10. 



Rg. 12 Is an illustration of a treatment plan 
menu wave data to be utilized in the ultrasonic 
wave medical treatment apparatus of Fig. 10. 

5 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to Rg. 3, one embodiment of an 
ultrasonic wave medical treatment apparatus ae- 
ro cording to the present invention in a form of a 
shock wave medical treatment apparatus will be 
described. In the following description, those ele- 
ments which are substantially equivalent to the 
corresponding elements in a conventional shock 

75 wave medical treatment apparatus of Rgs. 1 and 2 
described above will be given the same labels and 
reference numerals in the drawings. 

In this embodiment, the shock wave medical 
treatment apparatus generally comprises: a shock 

20 wave applicator 17 for applying the ultrasonic 
shock waves to a patient on a bed T; an applicator 
supporting unit HM for supporting and moving the 
shock wave appiicator 17 over the patient; a foot 
step with which the operator controls the applicator 

25 supporting unit HM by foot: a supporting unit con- 
trol panel 118 attached to the shock wave applica- 
tor 17 at which the operator enters commands for 
controlling tiie applicator supporting unit HM; a 
water controller 34 for controlling an amount of 

30 water in a water bag 33 of the shock wave applica- 
tor 17; an imaging unit lU including a shock wave 
irradiation condition setting unit 101 for entering a 
setting of the ultrasonic shock waves to be trans- 
mitted from the shock wave applicator 17, a timing 

35 controller 23 for controlling process timings for the 
shock wave treatment; a display unit 103 for dis- 
playing information on the shock wave treatment to 
the operator in addition to a fan shaped acoustic 
region 42 and a focal point marker 26; a notice 

40 sound generation unit 104 for generating a notice 
sound to the operator; a system controller SC 
including a irradiated shock wave data output unit 
102 for outputting data on the ultrasonic shock 
waves actually transmitted from the shock wave 

46 applicator 17, and a CPU 22 for controlling the 
operation of each element of the apparatus. 

In addition, as shown in Rg. 4, the shock wave 
applicator 1 7 Includes a shock wave transducer 1 5 
for transmitting ultrasonic shock waves, and an 

50 ultrasonic wave transducer 16 for transmitting im- 
aging ulti-asonic waves to carry out a B mode 
scanning (tomographic imaging) and receiving 
echo signals resulting from the B mode scanning. 
This shock wave applicator 17 has a further detail 

55 configuration similar to tiiat shown in Rg. 2. 

Moreover, as shown in Rg. 4, this shock wave 
medical treatment apparatus further comprises: a 
pulser 18 for providing pulse signals to drive tiie 
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shock wave transducer 15; a transmitter and re- 
ceiver circuit 19 for providing puise signals to drive 
the ultrasonic wave transducer 16, and collecting 
the echo signals received by the ultrasonic wave 
transducer 16: a signal processor circuit 20 for 
converting the echo signals collected by the trans- 
mitter and receiver circuit 19 Into video signals by 
applying the amplitude detection: a signal con- 
verter circuit 21 such as a digital scan converter for 
perfonning signal conversion process on the video 
signals obtained by the signal processor circuit 20; 
a pulse generation switch 29 connected to the CPU 
22 for setting the timings for generating the pulse 
signals to be given from the pulser 18 to the shocl< 
wave transducer 15; and a position controller 30 for 
adjusting a relative position of the shock wave 
transducer 15 and the ultrasonic wave transducer 
16. 

The shock wave irradiation condition setting 
unit 101 is a unit by which the operator sets up the 
shock wave irradiation condition including a total 
number of shock wave irradiations (total shot num- 
ber), a rate of the shock wave irradiation (pulse 
rate), driving voltage for the shock waves, and a 
number of shock wave in'adlations between pauses 
(pause shot number). The total shot number is a 
total number of shock wave Irradiations in the en- 
tire shock wave treatment The pulse rate is a 
number of shock wave irradiation per unit time, 
where pulse rate of 2.0 Hz indicates two shots per 
second for example. The driving voltage is a volt- 
age applied by the pulse signals to the shock wave 
transducer 15 which determines the strength of the 
shock waves to be irradiated. The pause shot num- 
ber is a number of shock wave irradiations within 
each section of the shock wave treatment where 
the entire shock wave treatment is divided into a 
number of sections by pauses (temporarily stop- 
ping of the shock wave irradiation), and where the 
pause shot number of 300 indicates that the irra- 
diation of shock waves temporarily stops after 300 
shots for example. 

In setting the shock wave irradiation condition 
at this shock wave irradiation condition setting unit 
101. the operator first sets up the total shot number 
by manipulating up and down buttons 201 and 202 
located by a total shot number indicator 206, where 
the total shot number increases or decreases by a 
single pressing of the up button 201 or down 
button 202. respectively. This setting of the total 
shot number such as 3000 shown in the total shot 
indicator 206 of Rg. 5 will not change until the 
cancellation of the setting is enacted by a pressing 
of a clear button 203 located by a current shot 
number Indicator 207 for indicating a number of 
shock waves actually irradiated during the shock 
wave treatment which Increases one by one as the 
shock waves are actually irradiated. The individual 



irradiation of the shock wave is also indicated by a 
flashing of a shooting lamp 209 located by the 
current shot number indicator 207 during the actual 
shock wave treatinent. 

6 Similarly, the operator next sets up the pause 

shot number by manipulating up and down buttons 
204 and 205 located by a pause/remaining shot 
number indicator 208, where the pause shot num- 
ber also Increases or decreases by a single press- 

10 Ing of tiie up button 204 or down button 205, 
respectively. This setting of the pause shot number 
such as 300 shown in the pause/remaining shot 
indicator 208 of Rg. 5 will not change until the 
cancellation of the setting is enacted by a pressing 

75 of the clear button 203. During the actual shock 
wave treatment, the indication of the 
pause/remaining shot number indicator 208 de- 
creases one by one as the shock waves are ac- 
tually irradiated, and returns immediately to the 

20 pause shot number setting whenever the shock 
wave treatment reaches a pause. 

Next, the operator sets up the driving voltage 
by manipulating a knob 213 located below a driving 
voltage indicator 211, where the driving voltage 

25 increases or decreases in units of 1 KV. 

Simllariy. the operator next sets up the pulse 
rate by manipulating a knob 214 located below a 
pulse rate indicator 212, where the pulse rate in- 
creases or decreases in units of 0.5 Hz. 

30 In addition, the front setting panel of the shock 

wave irradiation condition setting unit 101 also has 
a pulser ready lamp 210 which lights on when the 
pulser 18 is ready to operate at the settings in- 
dicated by the driving voltage indicator 21 1 and the 

35 pulse rate indicator 212. 

The irradiated shock wave data output unit 102 
can be any output device such as a printer used in 
a ordinary personal computer which outputs the 
irradiated shock wave data in a form shown in Rg. 

40 6 which comprises: a patient treatment record such 
as a patient ID and treatment date and time; shock 
wave irradiation condition settings for the total shot 
number, pause shot number, driving voltage, and 
pulse rate which are set at the shock wave irradia- 

46 tion condition setting unit 101; and a graphic chart 
of the driving voltage as a function of the shot 
number, where the chart in which the driving volt- 
age is graphed along a vertical axis having 20 KV 
scale and the shot number is graphed aton *: a 

50 horizontal axis having 1000 shots is depicted in 
several lines. The scales on the vertical and hori- 
zontal axes may change according to the settings 
of the total shot number and the driving voltage. 
The patient ID may include a patient name, a 

55 location of a calculus, a size of a calculus, and 
other relevant information in coded forms. 

In this embodiment, according to the shock 
wave irradiation condition settings shown in Rg. 5, 
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the shock wave irradiation pauses after every 300 
shots as shown in Rg. 6. At each pause, the focal 
point of the shock waves are sequentially shifted as 
shown in Rg, 7, from a position I for the first 600 
shots, to a position II for next 600 shots, a position 
III for next 600 shots, a position iV for next 600 
shots, a position V for next 300 shots, and finally a 
position VI for next 300 shots. Moreover, after each 
pause, the driving voltage is gradually increased 
from 0 V to the setting value of 15 KV. so as to 
secure the safety in the continuation of the shock 
wave treatment after the pause during which the 
shock wave focal point had been shifted. R>r exam- 
ple, the driving voltage is increased In steps of 1 
KV per every 4 pulses for a case in which the total 
shot number is up to 4000 shots, in steps of 1 KV 
per every 8 pulses for a case in which the total 
shot number lies between 4001 to 8000 shots, and 
in steps of 1 KV per every 10 pulses for a case in 
which the total shot number is greater than 8000. 
Such an increment rate of the driving voltage may 
be set as a part of the shock wave irradiation 
condition. 

As shown in Rgs. 8(A) and 8(B), the display 
unit 103 displays the image of the kidney 38 and 
the renal calculus 39 in relation to the fan shaped 
acoustic region 42, the shock wave region 41 , and 
the focal point marker 26, along with the current 
values for the shot number N. the pulse rate R. and 
the driving voltage V. 

The notice sound generation unit 104 is 
equipped with a sound memory and a speaker, and 
generates a notice sound for notifying the operator 
that the shock wave treatment has reached the 
pause and the shock wave irradiation has stopped 
whenever the shock wave treatment reaches the 
pause and the shock wave irradiation stops by the 
prerecorded notice sound memorized In the sound 
memory. This generation of the notice sound from 
the notice sound generation unit 104 is activated in 
response to a pausing signal outputted by the 
shock wave irradiation condition setting unit 101 
through the CPU 22 whenever the shock wave 
treatment reaches the pause. The notice sound 
may be In a form of a vocal message or a alanm 
sound. 

Now. the operation of this shock wave medical 
treatment apparatus will be descrii^ed along the 
actual shock wave treatment process. 

Rrst. the operator controls the supporting unit 
control panel 118 such that the shock wave ap- 
plicator 17 is positioned over the patient 32 such 
tiiat the bottom side 37 of the water bag 33 makes 
a contact with a surface 32S of the patient over the 
kidney 39. 

Then, by using the ultrasonic wave transducer 
16. the tomographic image of tiie patient 32 is 
obtained and displayed on the display unit 103 



along with tiie acoustic field 42. shock wave region 
41, and focal point marker 26. Here, the transmit- 
ting and receiving surface 16a of the ultrasonic 
wave transducer 16 also makes a contact with the 

5 surface 32S, so that a clear tomographic image 
unaffected by the bottom side 37 of the water bag 
33 and the water can be obtained. 

Next, when the image of the kidney 38 Is 
obtained on the display unit 103, the renal calculus 

70 39 is searched on the display unit 103. Here, the 
display unit 1 03 displays the real-time image which 
changes as the shock wave applicator 17 is moved 
according to the commands from the operator. 
When tiie renal calculus 39 is found on the 

IS display unit 103. the operator determines the shock 
wave irradiation condition settings according to the 
position and size of the renal calculus 39, and 
enters these settings at the shock wave irradiation 
condition setting unit 101. When the setting of the 

20 shock wave irradiation condition is completed, the 
current values for the shot number N, the pulse 
rate R, and the driving voltage V are also displayed 
on the display unit 103 as described above. Thus, 
immediately after the completion of the shock wave 

25 irradiation condition, the display on the display unit 
103 appears as shown in Rg. 8(A). white after 1000 
shots, the display of the display unit 103 appears 
as shown in Rg. 8(B). 

Next, the operator operates tiie pulse genera- 

30 tion switch 29 to provide the control signal to the 
pulser 18 through the CPU 22 and the timing 
controller 23. In response, the pulser 18 provides 
the pulse signals to the shock wave transducer 15 
and the shock wave transducer 15 transmits the 

35 ultrasonic shock waves focused toward the renal 
calculus 39 located at the position of the focal point 
marker 26 which subsequently destroy the renal 
calculus 39 by their concentrated energy. 

The similar procedure is repeated until the 

40 entire renal calculus 39 is completely destroyed. 

After the completion of the entire shock wave 
treatment, the irradiated shock wave data shown in 
Rg. 6 is outputted from the inradiated shock wave 
data output unit 102. 

45 Referring now to the flow chart of Rg. 9. tiie 
control by the CPU 22 in tiie above described 
shock wave treatment process will be described. 

Rrst at the step 301. the settings for the total 
shot number m, driving voltage w. pulse rate R, 

50 and pause shot numlser p are given from the shock 
wave irradiation condition setting unit 101, while the 
shot number n is set to an initial value of 0. The 
pulse rate will be controlled by using a clock signal 
of the CPU 22 throughout the subsequent opera- 

55 tion. 

Then, at tiie steps 302 to 306. tiie increment 
rate 1 for the driving voltage is set up. Namely, as 
already described above, the increment rate is set 
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such that the driving voitage is increased in steps 
of 1 KV per every 4 pulses for a case in which the 
total shot number is up to 4000 shots by the steps 
302 and 303, in steps of 1 KV per every 8 pulses 
for a case in which the total shot number lies 
between 4001 to 8000 shots in the steps 304 and 
305. and in steps of 1 KV per every 10 pulses for a 
case in which the total shot number is greater than 
8000 by the step 306. The increment rate may be 
set In steps of 0.5 KV or 10 KV per unit time 
Instead. 

Next, at the step 307, a current remaining shot 
number q is set equal to the pause shot number p, 
while current driving voltage v and a current incre- 
ment rate j are set to 0, and the input of the control 
signal from the pulse generation switch 29 is wait- 
ed. 

When the control signal is entered at the step 
308, if the shot number n becomes equal to the 
total shot number m at the step 309 the shock 
wave treatment finishes at the step 310. If the 
current remaining shot number q becomes equal to 
0 at the step 311. the process returns to the step 
307. and the CPU 22 controls the notice sound 
generation unit 104 in order to notify the operator 
about the pause. 

Otherwise, next at the steps 312 to 319, the 
driving voltage is increased from 0 to the setting 
value w. and the shooting command is given to the 
timing controller 23 in response to which the pulser 
18 is activated to make the shock wave irradiated 
from the shock wave applicator 17, while the shot 
number n. current remaining shot number q, and 
the current increment rate j are updated, and then 
the process returns to the step 309. 

Thus, according to this embodiment, the shock 
wave irradiation is carried out in a number of sec- 
tions separated by the pauses, so that the exces- 
sive irradiation or the unnecessary irradiation of the 
shock wave can be avoided because it is possible 
for the operator to check the effect of the treatment 
in a course of a progress of the treatment process 
during the pauses. 

In addition, the notice sound is generated from 
the notice sound generation unit 1 04 whenever the 
shock wave treatment reached the pause, so that 
the operator can proceed to the operations to be 
carried out during the pause promptly, while the 
patient can relax from a constrained posture re- 
quired during the shock wave irradiation, so that 
the treatment process can be executed very effi- 
ciently. 

Moreover, according to this embodiment, the 
driving voltage is increased gradually from 0 to the 
setting value, so that the shock wave irradiation can 
be carried out very safely, without a danger of 
causing a pain to the patient by the sudden shock 
wave irradiation. 



It is to be noted that the shock wave medical 
treatment apparatus of the above embodiment can 
be changed into an ultrasonic thennal treatment 
apparatus by replacing the pulser 18 by a continu- 

s ous oscillation pulser for providing continuous os- 
cillation signals such that the shock wave trans- 
ducer 15 transmits the continuous ultrasonic waves 
instead of the ultrasonic shock waves, which de- 
stroy the treatment target by using a thermal effect 

10 of the continuous ultrasonic waves. 

It Is also to be noted that the notice sound 
generation unit 104 in the above embodiment may 
be replaced by the other notification device such 
as a visual message generation device. 

15 It Is also to be noted that the updating timing 

for the current state of the shock wave irradiation 
displayed on the display unit 103 is sufficient to 
have less than a few msec delay from the actual 
shock wave irradiation. 

20 Furthermore, it Is also to be noted that in a 
course of the shock wave treatment process de- 
scribed above, the other medically useful records 
may be outputted from an output device, monitored 
on a display device, or recorded in a recording 

25 device. 

In particular, It Is extremely useful to record the 
images on the display unit 103 at various stages in 
a course of the shock wave treatment process, 
which can be valuable references for the subse- 

30 quent shock wave treatments of the other patients. 
Referring now to Rg. 10, another embodiment of 
the shock wave medical treatment apparatus which 
can be regarded as a variation of the above de- 
scribed embodiment will be described. In the fol- 

35 lowing description, those elements which are sub- 
stantially equivalent to the corresponding elements 
in the shock wave medical treatment apparatus of 
Rgs. 3 and 4 described above will be given the 
same labels and reference numerals in the draw- 

40 ings, and their descriptions will be omitted. In this 
embodiment, the apparatus is modified such that 
the Images on the display unit 103 at various 
stages In a course of the shock wave treatment 
process can be recorded automatically, and the 

45 shock wave treatment process can be carried out 
automatically, according to a treatment plan set up 
by the operator in advance. Namely, as shown in 
Rg. 10, the shock wave medical treatment appara- 
tus of this embodiment has additional elements of 

so a memory unit 50 comprising a menu memory 51 
for memorizing a treatment plan menu, and an 
image memory 52 for memorizing the images to be 
displayed on the display unit 103 at various stages 
in a course of the shock wave treatment process 

55 by receiving image data from the signal converter 
circuit 21; a keyboard 60 for changing the treatment 
plan menu in the menu memory 51; and a start 
button 61 for Initiating an automatic execution of 
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the shock wave treatment process according to the 
treatment plan menu In the menu memory 51. 
Furthermore, as shown in Rg. 11, the shock wave 
irradiation condition setting unit 101 has additional 
elements of a manual button 215 and an automatic, 
button 216. The manual button 215 is to be 
pressed down by ttie operator when the operator 
wishes to set up the shock wave irradiation con- 
dition manually at the shock wave irradiation con- 
dition setting unit 101 as described in the above 
embodiment On the other hand, the automatic 
button 216 Is to be pressed down by the operator 
when the operator wishes to use the automatic 
execution of the shock wave treatment process 
according to the treatment plan menu. 

\Nhen the automatic button 216 is pressed 
down, a treatment plan menu shown in Rg. 12 Is 
displayed on the display unit 103, where each 
entry in the treatment plan menu can be changed 
by operating the keyboard 60. 

The treatment plan menu of Rg. 12 contains an 
image recording plan and a shock wave inradiation 
plan along with tiielr graphic representation. 

The image recording plan has entries for a shot 
number of a first image recording (start shot num- 
ber), a shot number of a (ast image recording (stop 
shot number), and a shot number Interval between 
two image recordings (step shot number), which 
are set to be 0. 2000, and 500, respectively in Rg. 
12. Thus, according to tiiis image recording plan, 
the image on the display unit 103 Is recorded first 
before the first shock wave irradiation, and there- 
after in every 500 shots, until tiie 2000-th shots. It 
is to be noted here that the image recording by the 
image memory 52 can also be activated quite 
independently from the image recording plan, by 
the designated commanding operation on the key- 
board 60 by the operator at dny time during the 
shock wave treatment process. 

The shock wave irradiation plan has entries for 
a starting inradiation power (start power), a target 
irradiation power (stop power), a power increment 
interval (step power), a number of shots per unit 
power increment (power step shot number), and 
the pause shot number, which are set to be 20%, 
90%, 10%. 50. and 200. respectively, in Rg. 12. 
Thus, according to this shock wave irradiation plan, 
the shock wave inradiation starts out at 20% of a 
maximum irradiation power and increases by 10% 
per 50 shots until the irradiation power reaches 
90% Of the maximum irradiation power, while stop- 
ping at every 200 shots. 

These image recording plan and the shock 
wave irradiation plan are also shown in the graphic 
representation in which the irradiation power is 
graphed along tiie vertical axis and the shot num- 
ber is graphed along tiie horizontal axis along with 
Indications for the image recording timings and a 



cunrent state marker Mn which traces the irradiation 
power line Lp as the shock wave treatment process 
proceeds. 

In this embodiment, after the positioning of the 

5 shock wave applicator 17 is completed, the oper- 
ator presses the manual button 215 or the auto- 
matic button 216. When the manual button 215 is 
pressed, the subsequent shock wave treatment 
process proceeds as in the previous embodiment. 

TO On the other hand, when the automatic button 216 
Is pressed, the treatment plan menu of Rg. 12 is 
displayed on the display unit 103 on which the 
operator makes changes if necessary by using the 
keyboard 60. and then tiie operator presses tiie 

16 start button 61. In response to this pressing of the 
start button 61, the CPU 22 automatically controls 
the timing controller 23 and the image memory 52 
according to the shock wave irradiation plan and 
the image recording plan set in the treatment plan 

20 menu, such that the shock wave irradiation and tiie 
Image recording can be executed automatically. 

Thus, according to this embodiment, in addi- 
tion to the advantages enumerated above for the 
previous embodiment, the shock wave irradiation 

25 and the Image recording can be carried out auto- 
matically during the shock wave treatment process 
according to the treatment plan menu prepared by 
the operator in advance, so that the task of the 
operator can be reduced during the shock wave 

30 treatment operation. 

Moreover, because of the current state marker 
Mn provided on the graphic representation of the 
shock wave irradiation plan and the image record- 
ing plan in the treatment plan menu, the operator 

35 can comprehend the progress of the shock wave 
treatment process easily by monitoring of tiie treat- 
ment plan menu. 

It Is to be noted that various modifications such 
as those already described above for the previous 

40 embodiment are also possible for the this embodi- 
ment. 

It is also to be noted that the method and 
apparatus of the present invention as descrifc)ed 
above are equally applicable to the shock wave 

45 medical ti'eatment apparatus other than the ultra- 
sonic shock wave medical treatment apparatus de- 
scribed above as the preferred embodiments, such 
as the so called spark gap type shock wave medi- 
cal treatment apparatus which uses the shock 

50 waves generated electrically Instead of the unl- 
ti^asonic transducer. 

Besides these, many modifications and vari- 
ations of the above embodiments may be made 
without departing from the novel and advantageous 

65 features of the present invention. Accordingly, all 
such modifications and variations are intended to 
be included within the scope of the appended 
claims. 
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Claims 

1. An ultrasonic wave medical treatment appara- 
tus comprising: 

setting means for setting total number of 
ultrasonic wave irradiations for an entire ultra- 
sonic wave medical treatment process which is 
divided into a plurality of sections, and a sec- 
tional numt)er of ultrasonic wave irradiations for 
each of the plurality of sections; 

ultrasonic wave irradiation means for irra- 
diating ultrasonic waves on a treatment target 
for the total number of times; and 

control means for controlling the ultrasonic 
wave irradiation means such that the ultrasonic 
waves are in^adiated for the sectional number 
of times for each of ttie plurality of sections 
and then the ultrasonic waves radiation is 
paused before the ultrasonic wave Irradiation 
for a subsequent one of the plurality of sec- 
tions is executed. 

2. An ultrasonic wave medical treatment appara- 
tus comprising: 

ultrasonic wave irradiation means for irra- 
diating ultrasonic waves on a treatment target; 
and 

control means for controlling the ultrasonic 
wave irradiation means such that a driving volt- 
age for generating the ultrasonic waves is in- 
creased in steps of Increment voltages. 

3. The apparatus according to claim 1 or 2, 
wherein the ultrasonic wave irradiating means 
irradiates the ultrasonic waves in forms of 
shock waves. 

4. The apparatus according to claim 1 or 2, 
wherein the ultrasonic wave irradiating means 
irradiates the ultrasonic waves in forms of con- 
tinuous ultrasonic waves. 

5. The apparatus according to any of claims 1 to 
4, further comprising means for notifying that 
the ultrasonic wave irradiation for each of the 
plurality of sections is completed when the 
ultrasonic waves are irradiated for the sectional 
number of times successively. 

6. The apparatus according to claim 5, wherein 
the notifying means notifies by generating a 
notification sound. 



ultrasonic waves is increased In steps of incre- 
ment voltages. 

a The apparatus according to any of claims 1 to 
5 7, further comprising treatment plan setting 

means for setting a plan of a procedure for the 
ultrasonic wave irradiation by the ultrasonic 
wave irradiation means in the entire ultrasonic 
wave medical treatment process, and wherein 
10 the control means controls the ultrasonic wave 

irradiation means according to the plan. 

9. The apparatus according to claim 8, further 
comprising means for displaying a graphic re- 

15 presentation of the plan along with an indica- 

tion of a progress of the entire ultrasonic wave 
medical treatment process. 

10. The apparatus according to any of claims 1 to 
20 9, further comprising: 

imaging means for obtaining tomographic 
images of the treatment target; and 

image memory means for memorizing the 
tomographic images obtained by the imaging 
26 means in a course of the entire ultrasonic wave 

medical treatment process. 

11. The appEiratus according to claim 10, further 
comprising treatment plan setting means for 

30 ' setting a plan of timings for the memorizing by 
the image memory means, and wherein the 
control means also controls the image memory 
means according to the plan. 

35 12. A method of ultrasonic wave medical treat- 
ment, comprising the steps of: 

dividing an entire ultrasonic wave medical 
treatment process into a plurality of sections; 
setting a total number of ultrasonic wave 

40 irradiations for the entire ultrasonic wave medi- 

cal treatment process and a sectional number 
of ultrasonic wave irradiations for each of the 
plurality of sections; and 

irradiating ultrasonic waves on a treatment 

46 target for the total number of times, such that 

the ultrasonic waves are irradiated for the sec- 
tional number of times for each of the plurality 
of sections and then the ultrasonic waves radi- 
ation is paused before the ultrasonic wave irra- 

50 diation for a subsequent one of the plurality of 

sections is executed. 

13. A method of ultrasonic wave medical treat- 
ment, comprising the steps of: 

irradiating ultrasonic waves on a treatment 
target; and 

controlling a driving voltage for generating 
the ultrasonic waves such that the driving volt- 



7. The apparatus according to claim 1. wherein 
the control means also controls the ultrasonic 55 
wave inradiation means such that in the ultra- 
sonic wave irradiation for each of the plurality 
of sections a driving voltage for generating the 
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age Is increased in steps of increment vol- 
tages. 

14. The method according to claim 12 or 13, 
wherein the ultrasonic waves are Irradiated In s 
forms of shock waves. 

16. The method according to claim 12 or 13. 
wherein the ultrasonic waves are irradiated in 
forms of continuous ultrasonic waves. to 

16. The method according to any of claims 12 to 
15. further comprising the step of notifying that 
the ultrasonic wave irradiation for each of the 
plurality of sections is completed when the is 
ultrasonic waves are irradiated for the sectional 
number of times successively. 

17. The method according to claim 16. wherein at 

the notifying step a notification Is achieved by 20 
generating a notification sound, 

18. The method according to any of claims 12 to 

17, further comprising the step of controlling a 
driving voltage for generating the ultrasonic 25 
waves such tiiat in tiie ultrasonic wave Inradia- 

tion for each of the plurality of sections the 
driving voltage is increased in steps of incre- 
ment voltages. 

30 

19. The method according to any of claims 12 to 

18, further comprising the step of setting a 
plan of a procedure for the ultrasonic wave 
inradiation in the entire ultrasonic wave medical 
treatment process according to which the ultra- 35 
sonic wave irradiation Is controlled. 

20. The method according to claim 19. further 
comprising the step of displaying a graphic 
representation of the plan along with an indica- 40 
tion of a progress of the entire ultrasonic wave 
medical treatment process. 

21. The metfiod according to any of claims 12 to 

20, further comprising the steps of: 45 

obtaining tomographic images of the treat- 
ment target; and 

memorizing the tomographic images ob- 
tained in a course of the entire ultrasonic wave 
medical treatment process. so 

22j|.The method according to claim 21, further 
comprising the step of setting a plan of timings 
for the memorizing the tomographic Images 
according to which the memorizing is con- 56 
trolled. 
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FIG.12 



TREATMENT PLAN MENU 

IMAGE RECORDING START SHOT NO,=0 

STOP SHOT NO.=2000 
STEP SHOT NO.=S00 



SHOCK WAVE 
IRRADUTION 



START POWER=20% 
STOP POWER=90% 
STEP POWER=10% 
POWER STEP SHOT NO.=S0 
PAUSE SHOT NO.=200 



POWER 

Mn 
IMAGE 




500 



Lp 



1000 



1500 



2000 



21 



